Understanding how trophic dynamics drive variation in biodiversity is essential for predicting the outcomes of trophic downgrading across the world's ecosystems. However, assessing the biodiversity of morphologically cryptic lineages can be problematic, yet may be crucial to understanding ecological patterns. Shifts in keystone predation that favor increases in herbivore abundance tend to have negative consequences for the biodiversity of primary producers. However, in nearshore ecosystems, coralline algal cover increases when herbivory is intense, suggesting that corallines may uniquely benefit from trophic downgrading. Because many coralline algal species are morphologically cryptic and their diversity has been globally underestimated, increasing the resolution at which we distinguish species could dramatically alter our conclusions about the consequences of trophic dynamics for this group. In this study, we used DNA barcoding to compare the diversity and composition of cryptic coralline algal assemblages at sites that differ in urchin biomass and keystone predation by sea otters. We show that while coralline cover is greater in urchin-dominated sites (or "barrens"), which are subject to intense grazing, coralline assemblages in these urchin barrens are significantly less diverse than in kelp forests and are dominated by only 1 or 2 species. These findings clarify how food web structure relates to coralline community composition and reconcile patterns of total coralline cover with the widely documented pattern that keystone predation promotes biodiversity. Shifts in coralline diversity and distribution associated with transitions from kelp forests to urchin barrens could have ecosystem-level effects that would be missed by ignoring cryptic species' identities. cryptic species | coralline algae | trophic cascade | biodiversity C hanges in trophic dynamics can have widespread effects on the diversity and composition of communities (1-3). Although mounting evidence points to the prevalence of trophic downgrading across the world's ecosystems (1, 2), we do not fully understand how diversity is distributed across communities (4, 5) or how it is influenced by large-scale shifts in food web structure (2, 3, 6) . This knowledge gap is particularly wide for cryptic species whose existence may only be realized through modern DNA sequencing analyses (7). Cryptic species have caused researchers to rethink classic paradigms in ecology, such as the prevalence of generalist species (8, 9) and the mechanisms involved in ecological speciation (7, 10), but the importance of distinguishing cryptic species when discerning key ecological patterns remains unclear (11-13). If cryptic species are ecologically similar, then grouping species based on morphology or functional group may be a reasonable approach to studying biological distributions. However, if cryptic species differ ecologically, then species that look superficially similar may perform in fundamentally different ways across environmental gradients or in competitive interactions, and inconspicuous shifts in their distributions may significantly alter ecosystem structure.
Understanding how trophic dynamics drive variation in biodiversity is essential for predicting the outcomes of trophic downgrading across the world's ecosystems. However, assessing the biodiversity of morphologically cryptic lineages can be problematic, yet may be crucial to understanding ecological patterns. Shifts in keystone predation that favor increases in herbivore abundance tend to have negative consequences for the biodiversity of primary producers. However, in nearshore ecosystems, coralline algal cover increases when herbivory is intense, suggesting that corallines may uniquely benefit from trophic downgrading. Because many coralline algal species are morphologically cryptic and their diversity has been globally underestimated, increasing the resolution at which we distinguish species could dramatically alter our conclusions about the consequences of trophic dynamics for this group. In this study, we used DNA barcoding to compare the diversity and composition of cryptic coralline algal assemblages at sites that differ in urchin biomass and keystone predation by sea otters. We show that while coralline cover is greater in urchin-dominated sites (or "barrens"), which are subject to intense grazing, coralline assemblages in these urchin barrens are significantly less diverse than in kelp forests and are dominated by only 1 or 2 species. These findings clarify how food web structure relates to coralline community composition and reconcile patterns of total coralline cover with the widely documented pattern that keystone predation promotes biodiversity. Shifts in coralline diversity and distribution associated with transitions from kelp forests to urchin barrens could have ecosystem-level effects that would be missed by ignoring cryptic species' identities. cryptic species | coralline algae | trophic cascade | biodiversity C hanges in trophic dynamics can have widespread effects on the diversity and composition of communities (1) (2) (3) . Although mounting evidence points to the prevalence of trophic downgrading across the world's ecosystems (1, 2), we do not fully understand how diversity is distributed across communities (4, 5) or how it is influenced by large-scale shifts in food web structure (2, 3, 6) . This knowledge gap is particularly wide for cryptic species whose existence may only be realized through modern DNA sequencing analyses (7) . Cryptic species have caused researchers to rethink classic paradigms in ecology, such as the prevalence of generalist species (8, 9) and the mechanisms involved in ecological speciation (7, 10) , but the importance of distinguishing cryptic species when discerning key ecological patterns remains unclear (11) (12) (13) . If cryptic species are ecologically similar, then grouping species based on morphology or functional group may be a reasonable approach to studying biological distributions. However, if cryptic species differ ecologically, then species that look superficially similar may perform in fundamentally different ways across environmental gradients or in competitive interactions, and inconspicuous shifts in their distributions may significantly alter ecosystem structure.
In nearshore marine communities worldwide, shifts in trophic dynamics that result in high abundances of herbivorous sea urchins trigger dramatic shifts from biologically rich kelp forests to depauperate "urchin barrens" (14, 15) . The collapse of kelp forests results in a transformation of reef function: Structural complexity and productivity are reduced (16) , and biodiversity of many taxa is lost (17) . However, calcified coralline algae (orders Corallinales, Hapalidiales, and Sporolithales), which may benefit from herbivore grazing pressure (18) (19) (20) (21) (22) , often dominate these high herbivory environments and are thought to be ecological "winners" of this ecosystem state shift (14, (19) (20) (21) 23) . Corallines are morphologically cryptic and, consequently, are often lumped together into a single vague category of crustose coralline algae (CCA) (e.g., refs. [23] [24] [25] . Thus, we know little about the responses of coralline algal diversity and community composition to shifts in kelp forest regimes. If CCA abundance increases when kelp forests collapse, could this also reflect an increase in coralline diversity, providing an exception to the widely observed pattern (2) that keystone predation enhances biodiversity?
Herbivory is a key driver of macroalgal community dynamics (26, 27) . Grazing can maintain coexistence and diversity of primary producers by decreasing the strength of competitive interactions (28) (29) (30) (31) or even reversing them completely (31, 32) , a paradigm that has been bolstered by empirical evidence in corallines (22, 28, 33) . For example, thicker coralline crusts tend to outcompete thinner ones in the intertidal zone, but grazing can alter competitive outcomes by causing thinner species to overgrow themselves as they recover from disturbance, and effectively become thicker (32) . If increased herbivory promotes coexistence, then we might expect urchin barrens with high urchin biomass to have greater coralline diversity than kelp forests, matching observed positive correlations between herbivore pressure and total coralline cover (18) (19) (20) (21) (22) . However, the effect of herbivory on diversity depends upon intensity and context (26, 31) , and
Significance
Cryptic species complicate our ability to detect changes in biological communities that result from human-mediated shifts in ecosystem structure. We used DNA barcoding to compare the diversity of cryptic coralline algal assemblages in 2 alternative ecosystem states that differ in herbivore biomass and food chain length. We show that while coralline cover is greater in urchin-dominated sites (or "barrens") subject to intense grazing than in kelp-dominated sites with low urchin densities, coralline communities in urchin barrens are significantly less diverse and dominated by 1 or 2 species. These findings illuminate ecological dynamics previously unexplored within this classic trophic cascade and show how identifying cryptic species can alter our interpretations of biological phenomena.
herbivory in urchin barrens is unusually intense (14, 34) . Thus, alternatively, herbivory in urchin barrens may reduce species coexistence by allowing herbivore-tolerant species to dominate and outcompete less tolerant species (26, 31, 35, 36) . This latter hypothesis would suggest that increases in total "CCA" cover do not reflect patterns of diversity but, instead, emerge from the success of a small number of herbivore-tolerant species.
Coralline algae play essential roles in marine ecosystems and are ubiquitous in most rocky reef habitats (10, 23) . Corallines cement coral reefs together (37) , act as a substrate for algae and surf grass (38) , facilitate kelp recruitment (39, 40) , and chemically induce larval settlement of a wide phylogenetic range of invertebrates (41) (42) (43) (44) (45) . However, our ability to effectively differentiate coralline species has been obscured by deceptively simple morphologies, rampant convergent evolution, and misunderstood phenotypic variation (46, 47) . DNA barcoding techniques allow for the accurate identification of species and have demonstrated that some of the most common species under the morphological species concept in fact represent several to more than a dozen distinct genetic species (46, 48, 49) . Widespread cryptic diversity is potentially problematic for ecologists because coralline species can differ in growth rate (43, 50) , competitive ability (28, 32, 33) , resistance to environmental stress (51, 52) , and their effects on invertebrate recruitment (43, 53) . Therefore, changes in the diversity of coralline assemblages could influence their contributions to ecosystem function, yet shifts could easily go undetected due to the cryptic nature of coralline taxa.
In the North Pacific, transitions from urchin barrens to kelp forests, and vice versa, can occur as a result of trophic cascades triggered by the local extirpation or recovery of sea otters that act as "keystone" predators, reducing the abundance of herbivorous urchins (17, 54) . The loss of sea otters has occurred throughout the northeastern Pacific (14) and can lead to a 30-to 100-fold increase in macroalgal consumption rates (34) . Here, we make use of a naturally occurring gradient in sea otter occupation (55) to examine how the species composition and diversity of coralline algae differ across 4 sites that range in sea urchin biomass and associated grazing pressure. We use DNA barcoding methods to identify coralline algal species and reliably quantify their diversity and abundance. We examine the distribution of species diversity across local scales and ask how the composition of coralline communities is influenced by the topdown control of sea otters on sea urchins and whether certain species, for example, those with thicker crusts (20, 32) , show evidence of competitive advantage under heavy urchin grazing. We also test whether closely related species are distributed in similar ways across a gradient of top-down forcing. In doing so, we provide a taxonomically accurate look at the responses of cryptic coralline species to the pervasive shift between kelpdominated and urchin-dominated ecosystem states.
Results
Sites without otters (i.e., urchin barrens) had higher urchin biomass, lower brown algal stipe densities (Laminariales and Desmarestiales), and higher coralline algal cover than otteroccupied sites (Fig. 1 ). Urchin biomass was significantly different among sites ( ; untransformed data are shown in SI Appendix, Fig. S1 ). Red urchins (Mesocentrotus franciscanus) made up more than 97% of urchin biomass at all sites, but green urchins (Strongylocentrotus droebachiensis) were rare at 3 of the 4 sites (site 1 = 3%, site 3 < 1%, site 4 < 1%). Kelp density was significantly different among sites ( Fig. 1B ; ANOVA: df = 3, F = 23.62, P < 0.0001): low in urchin barren sites (site 3 = 4.6 ± 1.5 stipes per square meter [mean ± SE], site 4 = 2.6 ± 1.4 stipes per square meter) and high in otter-occupied kelp forests (Tukey's HSD: P < 0.001) (site 1 = 21.7 ± 3.5 stipes per square meter, site 2 = 15.8 ± 4.0 stipes per square meter). Percent cover of coralline algae was significantly different among sites ( Fig. 1C ; ANOVA: df = 3, F = 30.8, P < 0.0001), with significantly higher mean cover estimates recorded at urchin barren sites (Tukey's HSD: P < 0.05) (site 1 = 24.9 ± 3.7% [mean ± SE], site 2 = 43.7 ± 10.3%, site 3 = 79.9 ± 4.9%, site 4 = 95.8 ± 1.9%). Coralline cover was significantly different between the 2 urchin barrens (Tukey's HSD: P < 0.05) but not between the 2 kelp forests (Tukey's HSD: P = 0.24).
Across all sites, subtidal coralline algal assemblages were surprisingly diverse but diversity was lower in urchin barrens than in kelp forests. Using the psbA barcoding region, we identified 19 distinct genetic species of coralline algae (Fig. 2) , some of which did not match any verified taxa in our database and are likely new to science, requiring taxonomic attention. Six species were shared between the 2 habitat types, 9 species were found only in kelp forests, and 5 species were found only at urchin barrens (Fig. 2) . Across sites, there were fewer species detected in urchin barrens, with a total of 8 coralline species at each site, compared with 11 coralline species detected at each kelp forest site (Fig. 2) . Although species accumulation curves suggest that further sampling may have revealed additional species in both habitats, species numbers increased more rapidly with additional sampling in kelp forest sites than in urchin barren sites (Fig. 3) , suggesting that increased sampling might result in even greater discrepancies in species richness between kelp forest and urchin barren sites. Coralline assemblages were dominated by crustose corallines at all sites. Three of 4 articulated coralline species were found only at kelp forest sites and only in low abundance (<10%). One articulated species, Chiharaea americana, which has small, inconspicuous upright fronds (<2 mm tall) (56), was found in low abundances at 3 sites but was moderately abundant (23%) at just a single urchin barren site.
Urchin barren sites were dominated by only a few coralline species (Fig. 2) , the identity of which differed between the 2 urchin barren sites. For example, Lithophyllum sp.3 dominated site 4, with 52% of total percent cover, whereas Crusticorallina adhaerens dominated site 3 with 33% of total percent cover. This pattern was reflected in the results of a permutational multivariate analysis of variance (PERMANOVA) on quadrat-level coralline community composition ( Fig. 4A ; PERMANOVA: df = 3, pseudo-F = 3.2013, P < 0.0001), which revealed that urchin barren sites were significantly different (post hoc pairwise comparison: P < 0.05) but the 2 kelp forest sites were similar (post hoc pairwise comparison: P = 0.62). Per quadrat, coralline species richness was not significantly different among habitats but there was a trend toward increased richness in quadrats measured at kelp forest sites (site 1: 3.7 ± 0.6, site 2: 4.3 ± 0.6, site 3: 3.2 ± 0.5, site 4: 2.8 ± 0.5; ANOVA: df = 1, F = 7.2, P = 0.12; SI Appendix, Table S1 ). Shannon diversity (site 1: 2.8 ± 0.4, site 2: 3.2 ± 0.4, site 3: 2.1 ± 0.3, site 4: 2.0 ± 0.3) and Simpson's diversity (site 1: 2.5 ± 0.4, site 2: 2.8 ± 0.4, site 3: 1.9 ± 0.3, site 4: 1.8 ± 0.3) were significantly higher per quadrat at kelp forest sites (Shannon ANOVA: df = 1, F = 15.3, P < 0.05; Simpson's ANOVA: df = 1, F = 37.3, P < 0.05; SI Appendix, Table S1 ), indicating that kelp forests were more even than urchin barrens. Rank abundance curves further demonstrate unevenness of urchin barrens relative to kelp forests (Fig. 4B) .
The distributions of coralline species across the herbivory gradient were not correlated with either crust thickness or phylogenetic relatedness (Fig. 5) . To test for effects of phylogenetic signal and crust thickness on species distributions, we calculated differences in average abundance at sites with and without otters. Crust thickness did not significantly predict which species were found in each habitat type (linear model: F = 0.9354, df = 1 and df = 14, P = 0.3499). Moreover, there was no effect of site (ANOVA: F = 0.3581, df = 3, P = 0.7839) or total coralline cover (linear regression: F = 0.2587, df = 1 and df = 22, P = 0.6161) on community-weighted mean thickness (SI Appendix, Fig. S2 ). There was also no significant effect of phylogeny on differences in coralline species abundances at kelp forest and urchin barren sites (Blomberg's K: K = 0.2198, P = 0.6609; Pagel's λ: λ < 0.001, P = 1), and none of the sites that we assessed were significantly clustered or overdispersed phylogenetically, as determined by standard effect size (SES) of mean pairwise distance (MPD) and SES of mean nearest taxon distance (MNTD) (SI Appendix, Fig.  S3 ). There was also no phylogenetic signal of crust thickness (Blomberg's K: K = 0.469, P = 0.1311; Pagel's λ: λ = 0.317, P = 0.3997) (Fig. 5) . Supervised classification using randomForest analysis showed that 5 phylogenetically dissimilar species were the most informative in distinguishing kelp forests from urchin barrens (Fig. 5) .
Discussion
Unmasking Cryptic Coralline Diversity. Contrary to the simple conclusion that coralline algae are the "winners" in the transition from kelp forests to urchin barrens (e.g., refs. 14, 20, 21), our results indicate that the situation is more nuanced. Although abundance of corallines is greater at urchin barren sites, lumping species as "CCA" fails to capture the complex dynamics of coralline algal assemblages and how they are affected by the otter/urchin/kelp trophic cascade. In the absence of top-down control by sea otters, high urchin abundance and grazing pressure at rocky reef sites corresponded with lower coralline algal diversity and evenness despite higher total coralline cover. Our results show that while a few dominant coralline species strongly benefit from intense urchin herbivory, many coralline species decline or become excluded from urchin barren habitats. Multiple nonmutually exclusive hypotheses could explain these observed patterns. The loss of keystone predators, such as sea otters, can shift the landscape of competitive advantage for coralline algae: Without top-down predation, urchin herbivory is more intense and likely more homogeneous (34), in turn, favoring those coralline species that are tolerant of disturbance, while excluding species that are unable to withstand intense urchin grazing. Because coralline assemblages in the northeastern Pacific have evolved with otters present for millions of years (57), few species may be adapted to these environments of intense herbivory (34) . Herbivore-mediated exclusions of algal species have been previously documented (e.g., refs. 18, 26, 58) and could explain the lower diversity present at urchin barren sites.
The transition from kelp forests to urchin barrens may also influence coralline communities through indirect processes. For example, otter-mediated heterogeneity in urchin grazing (34) may promote spatial variation in resources, limiting competitive advantage by allowing for differential success of species in varying microhabitats (59) (60) (61) . In contrast, intense grazing pressure at urchin barrens could homogenize environmental factors such as light and flow (62) (63) (64) , which could facilitate the dominance of a few species that are particularly successful under those conditions. Macroalgal canopy loss could also increase the importance of environmental factors in determining species distributions. For example, kelp cover can attenuate sunlight, preventing coralline bleaching (65) , and can buffer pH (66), perhaps reducing the effects of ongoing ocean acidification on calcified organisms such as coralline algae (67, 68) .
Regardless of the mechanism underlying these patterns, our results have broad implications for how we view cryptic species in ecological studies. Many studies lump phylogenetically similar cryptic species into a single category or inconsistently distinguish between species, and the common lumping of all CCA species into "CCA" is just an extreme example. Cryptic speciation is a widespread phenomenon in divergent groups such as insects (69) , fungi (70) , and embryophytes (71) . As such, the importance of taxonomic resolution and the appropriateness of functional groups are widely debated topics in ecology (13, 72) . In our study system, lumping all species has led to the interpretation that corallines are more successful when urchins are highly abundant (20, 23) , but increasing taxonomic resolution suggests that coralline diversity is actually lost in these habitats. This demonstrates how improved resolution of cryptic species can illuminate previously hidden or underappreciated ecological patterns, which, in turn, raises new questions about the mechanisms that underlie ecological dynamics. Dominance in Urchin Barrens Is Hard to Predict. Previous work has suggested that crust thickness is a key predictor of competitive outcomes when grazers are present (20, 32) . However, our results refute the generality of this conclusion by demonstrating that urchin barrens are not always composed of thicker species (Fig. 5 and SI Appendix, Fig. S2 ). For example, 1 urchin barren was dominated by a thick species (C. adhaerens) and another was dominated by a relatively thin Lithophyllum species (Fig. 3) . Moreover, there was no significant correlation between crust thickness and species abundance in different rocky reef states. While crust thickness may determine competitive outcomes in controlled experiments (e.g., refs. 28, 32, 33), our results suggest this does not always scale up to natural community assemblages, at least not in high-herbivory subtidal systems. Instead, differences in physiology, including increased resistance to light stress (73) , elevated growth rate (43), or perhaps species-specific recruitment characteristics, may play more significant roles in distributing species when kelp canopies are lost or recover from urchin grazing. The depth of conceptacles, cavities containing the reproductive structures of coralline algae, has also been hypothesized to correlate with herbivore resistance because deeper conceptacles may be protected from benthic grazers (19) . We did not explicitly quantify conceptacle depth, but this hypothesis should be considered in future studies, particularly once the new species have been properly characterized and described. Because the identity of dominant species differed between urchin barren sites, site-level environmental conditions or stochasticity [e.g., lottery effects (74)] may play an important role in determining which species dominate in urchin barrens.
Coralline species were distributed across kelp forests and urchin barrens without any phylogenetic pattern. While phylogenetic signals are difficult to detect in low-diversity systems (75), our results clearly demonstrate that communities were composed of species from many different coralline lineages. Supervised classification analysis further revealed that 5 phylogenetically dispersed coralline species were the most informative in distinguishing urchin barrens and kelp forests (Fig. 5) . This pattern suggests that responses to grazing are not phylogenetically conserved (76) but may, instead, involve several different speciesspecific or convergent strategies for resisting intense herbivory across taxa. Coralline algae are an ancient lineage (77) , and convergent evolution is well noted across the diverse clade (20) . For example, articulated corallines have evolved at least 3 times from crusts (77, 78) , with reversals documented (46, 47) , and variation in crust thickness has evolved repeatedly across the coralline phylogeny (Fig. 5) . Convergent evolution tends to eliminate phylogenetic signal (79) and may explain why we observed no phylogenetic structure in assemblage composition.
While our results suggest convergence among distantly related lineages, they also provide evidence for divergence among closely related species. Divergent selection is a key evolutionary mechanism and leads to ecological differentiation among related taxa (80) . Our data show that morphologically similar congeneric species (e.g., Lithophyllum spp. and Crusticorallina spp.), which are frequently lumped together in other studies, are ecologically different and are distributed differently across forested and deforested reefs (Fig. 5) . For example, of 3 observed Crusticorallina species once thought to be a single entity (46) , C. adhaerens was the only Crusticorallina species to dominate sites without otters (Fig.  2) , suggesting that traits underlying species distributions may not be obvious in morphologically similar species. There is a clear need to use molecular identifications in future studies to compare the physiological and biotic tolerances of different coralline species and to tease apart the causes and consequences of cryptic species distributions in nature.
Implications Across the Seascape. Enhancing the resolution at which we investigate coralline algal diversity could have important implications for understanding the community assembly and functioning of nearshore ecosystems. This may be particularly insightful across thousands of kilometers of coastline, where different drivers (e.g., sea otter recovery, fishing, urchin disease) trigger rocky reefs to shift between urchin-dominated barrens and macroalgae-dominated forests (14, 15) . Coralline species differ in a number of ecological traits (43, (50) (51) (52) , including their influence on recruitment of other organisms (43, 53) ; therefore, shifts in coralline diversity and composition at large geographic scales may affect the entire ecosystem. Shifts in coralline species that are necessary for macroalgal or invertebrate recruitment (25, 41, 43, 62, 81) could influence the composition of nearshore communities both inside and outside of urchin barrens. For example, retention of coralline species that urchin larvae prefer (25, 41) or the loss of coralline species necessary for kelp recruitment (40) could reinforce urchin barren states, contributing to the hysteresis observed in kelp forest/urchin barren regime shifts (14, 15, 53) . Moreover, large-scale shifts in coralline species distributions could influence source-sink dynamics (82) across the seascape, and therefore further affect patterns of recruitment across entire coastlines. The challenge for future researchers will be to integrate physiological and ecological data for each cryptic species with molecularly confirmed field distributions to understand the drivers and downstream effects of shifting coralline community composition.
Samples and Methods
Field Surveys and Species Identification. We conducted subtidal surveys (July 11-14, 2014) at 4 rocky reef sites: 2 kelp forests and 2 urchin barren sites on the central coast of British Columbia, Canada, where sea otter populations have been recovering (since around 1980) from extirpation due to the fur trade (83) (SI Appendix, Fig. S4 ). All methods were conducted by scuba diving. At each site, sea urchin density, sea urchin test diameter, and adult stipe density of kelps (Laminariales) and Desmarestialean algae (≥15 cm) were quantified in 18 stratified random 1-m 2 quadrats (depths 3 to 12 m below mean low water) that spanned 6 30-m horizontal transects laid at 2 depth contours (details are provided in ref. 55 ). Sea urchin biomass was estimated from density and test diameter (84) . Total coralline cover and the specific cover of genetically identified species were estimated from 6 0.25-m 2 quadrats placed randomly near the first transect (8 to 13 m depth below mean low water) at each site. Although urchin biomass and kelp density were quantified across a larger area and wider range of depths (to provide representative reef-scale measures that accounted for spatial variability) than the coralline surveys, the same patterns were found when restricting analyses to just the first 2 spatially overlapping transects (SI Appendix, Fig.  S5 ). Specimens were identified using amplification and sequencing of psbA, COI-5P, or rbcL genetic barcoding regions following Hind et al. (46) (SI Appendix, Dataset S1). The psbA sequence data were also used for phylogenetic inference.
Crust thickness measurements were mostly made on samples removed from the plots, when specimen size permitted. To increase sample size, additional measurements were made on herbarium samples from the British Columbia coast that had previously been identified using molecular sequence data. No crust thickness measurements were taken for Lithothamnion sp.1 since only very small fragments were obtained and no herbarium vouchers were available for measuring. Thus, Lithothamnion sp.1 and all articulated species were excluded from the analysis of crust thickness.
Statistical Analysis. All analyses were conducted in R (R Core Team) using the packages "vegan" (85), "Phytools" (86), "picante" (87), and "randomForest" (88), except for the multivariate analyses that were conducted in PRIMER (89) . Community-weighted mean thickness was calculated for each quadrat using the sum of the proportion of total coralline cover occupied by each species multiplied by its thickness. To determine whether closely related species were distributed similarly with respect to urchin grazing, we tested for the effect of phylogeny on community assembly at urchin barren and kelp forest sites. We first performed phylogenetic inference using an 856-bp alignment of psbA sequences aligned and edited in Geneious (90) . A neighbor-joining tree was then inferred using a Tamura-Nei model in Geneious (90) . Next, Blomberg et al.'s K (75) and Pagel's λ (91) values were calculated to test for phylogenetic signal on species distributions and on crust thickness. To test for phylogenetic signal on species distributions, we calculated differences in average abundance at sites with and without otters (hereafter "habitat preference"). SESs of MPD and MNTD were also calculated to test for phylogenetic clustering or overdispersion relative to communities that were randomly generated but maintained species richness at the quadrat level. Detailed methods are available in SI Appendix, Extended Materials and Methods.
